The cell concentration of a polyamine depends on both its rates of synthesis and degradation and on its rates of uptake and release. A system for the uptake of putrescine, spermidine and spermine is possessed by many types of cell [ 11, and the uptake of a particular polyamine is often stimulated when its synthesis is inhibited [2]. The transport system is thus involved in the regulation of polyamine concentration and is controlled by various growth stimuli. It has also been shown that regulation may be governed by an inhibitory protein (3.4) which is similar, in many respects, to the ornithine decar-
Introduction
The cell concentration of a polyamine depends on both its rates of synthesis and degradation and on its rates of uptake and release. A system for the uptake of putrescine, spermidine and spermine is possessed by many types of cell [ 11, and the uptake of a particular polyamine is often stimulated when its synthesis is inhibited [2]. The transport system is thus involved in the regulation of polyamine concentration and is controlled by various growth stimuli. It has also been shown that regulation may be governed by an inhibitory protein (3.4) which is similar, in many respects, to the ornithine decarboxylase (OI)C)-antienzyme [ 31. Of all the polyamines accumulated, only N'-acetylspermidine and putrescine are usually released in physiological conditions. The mechanism is unknown, though it is generally assumed that release is facilitated by acetylation. The data presented show that uptake and release, while sometimes hard to differentiate during measurement, are independent processes, and that release is of great importance in some conditions.
Uptake
Specific uptake of polyamines has been demonstrated in both prokaryotic and eukaryotic cells. Three putrescine transport systems have been characterized in Escherichia coli. One of them also transports spermidine [S) and consists of four proteins (potA. -H. -C and -1)) [ h ] . Another structurally similar system is also composed of four proteins (potF, 4, -11 and -I) 171. The third system is now believed to have a role in putrescine excretion. A specific polyamine-transport system has also been observed in Sacchuromyces cerev2stae [ 8 ] and Neurosporu [ ( I ] , while the l'rypanosomatidae have at least two systems, one specific for putrescine. the other for spermidine and spermine I lo].
A single transporter is involved in some mammalian cells, more than one in others. Transport is energy-dependent and mostly Na + -dependent I I 1 I.
We have studied the transport both in normal cells, 
1171.
Volume 22 transport at different times after induction showed that the new carrier gradually disappeared (the calculated half-life was 40 min).
Further information has been provided by the in nitro investigation of polyamine uptake in rat
hepatocytes. There was a marked enhancement of the rate of transport, particularly of putrescine and spermidine, after 48 h of culturing, coupled with increased polyamine concentration ( Table 1 ) and ODC activity (4.0f0.4 and 10.0f 1.0pmol of COJh per mg of protein respectively after 0 and 48 h). The inverse proportionality between concentration and rate of uptake observed in other cells [2] is thus not displayed by these and mouse [24] hepatocytes. It may be supposed that these increases are involved in the retrodifferentiation known to occur during culturing. The mechanism responsible has not been identified. The rate of hepatocyte polyamine uptake is influenced by oxygen tension, and this could also be one of the factors responsible for zonation in the liver acinus of the enzymes involved in nitrogen metabolism. Our investigation of the effect of oxygen tension on polyamine metabolism and transport showed a 62% decrease in the uptake rate when hepatocytes were cultured for 48h at 5% oxygen (M. A. Grillo and S. Colombatto, unpublished work) .
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Release
This aspect of polyamine transport has received less attention. E. coli slowly releases putrescine via its specific potE system (encoded by pPT71), as the result of antiport activity between putrescine and ornithine [25] . One or more other proteins must be involved in the excretion of acetylspermidine.
Normal eukaryotic cells excrete only small amounts of their intracellular polyamines. However, the excretion has a role in the regulation of cell
T&& I Content and transport of polyamines in rat hepatocytes
Hepatocytes were isolated from adult male rats and cultured as previously described When normal human lymphocytes were loaded with labelled spermidine or spermine. most of the radioactivity was excreted as N'-acetylspermidine and a smaller amount as putrescine. accompanied by only traces of free spermidine.
Dinitrophenol and vanadate inhibited uptake, but had no effect on release, whereas 7 5 p M ouabain was responsible for both a marked inhibition of uptake and an increase in excretion (Table   2 ). An increase was also promoted by A23 187 (i.e. when cell [Ca" ] is increased). Partial accumulation of these two effects shows that the enhancement mechanisms of ouabain and A23187 are not the same. These results suggest that both Na+ and Ca" are involved in the regulation of polyamine release. The addition of ouabain enabled free spermidine to leave the cell, whereas this does not occur in its absence 1291. The effect of the phorbol ester phorbol 12-myristate 13-acetate (PMA) on spermidine release was investigated, as Ca" may act through PKC: excretion was decreased for the first 90min (due, perhaps, to stimulation of CaL+ efflux) and then increased. The addition of monensin enhanced this increase, showing that it was not the result of changes in Na+ and CaL+ levels, whereas it was reduced by iso-H7. PKC would thus appear to be involved in both the uptake and the release of polyamines. It could also be responsible for the late increase promoted by PMA. though here the target protein is not the N a + / l l + antiport.
Radioactive spermidine was released more slowly from I, 12 10 cells than from normal lymphocytes, with polyamines being rapidly utilised as soon as they were taken up from the medium. Endogenous polyamines, but not acetylspermidine. were released in larger amounts, compared with the normal cell, whereas spermine was also present as in other tumour cell lines [ 3,321. Another difference was that ouabain greatly decreased pol yamine excretion (Table 2) . It is not clear why this should occur. It is presumably not attributable to an effect on spermidine acetyltransferase (SAT) activity, as this is not supposed to be of importance in the oxidation of spermine to spermidine in 1,1210 cells. Despite the very slow release of polyamines from 1,1210 cells, the effect of A231X7, N€l,CI and monensin was more dramatic however the results were expressed. Measurements of [CaL+] and polyamine release suggest that they are not correlated. CaL+ may act indirectly, for example as an activator of PKC. Rat hepatocytes also released accumulated polyamines at rates greatly dependent on the culture time. After 48h, when OUC is more active, uptake and cell concentration are higher and release is much lower (Table 1) . Synthesis, uptake and release, therefore. all result in a higher polyamine concentration. N€ I,CI again increased the release of spermidine, whereas diltiazem prevented this increase, as in normal lymphocytes (Table 3) .
Methylglyoxal-bk(guanylhydrazone), S-fluorouracil and methotrexate (MTX) increase the release of putrescine and spermidine by 117'2912 19 [31] . Methotrexate has the same effect on 1,1210 also markedly enhances polyamine uptake, cell concentrations are evidently increased by modification of both parameters.
Conclusions
These findings make it clear that distinct mechanisms govern the uptake and release of polyamines on the part of a variety of cells: uptake is energydependent, release is not. lJptake may be regulated by an inhibitory protein similar to the OW-antienzyme. whereas Ca'+ ions are involved in the release from human lymphocytes and rat hepatocytes. Alkalinization with NI I,CI enhances release, apparently by causing an influx of CaL' though the exact role of these ions is not known. An explanation must also be found for the difference between our results and those of other workers on promoting an increase of [Ca"] with other methods in human leukaemia cells [ 171. Antiproliferative drugs also enhance the release of polyamines and thus reduce their concentration. The conclusion to be drawn, therefore, is that synthesis, interconversion, uptake and release all participate in the regulation of cell polyamine content. 
